Neisseria gonorrhoeae is a gram-negative, human mucosal pathogen. Gonococci can grow in both aerobic and anaerobic atmospheres in vitro and in vivo (4, 5, 16) . However, the organism clearly encounters phagocytic cells, including macrophages and neutrophils, during infection. Under aerobic conditions phagocytes utilize molecular oxygen to generate oxidants with antimicrobial activity (7, 10) . During the respiratory burst of the phagocyte, a membrane-bound NADPH oxidase reduces molecular oxygen by one electron to superoxide (02 ) (2) . Previous studies have shown that N. gonorrhoeae is highly resistant to extracellular 2-(1) probably because exogenous 02-cannot traverse bacterial membranes (8) . However, within acidic environments (such as neutrophils), 02-spontaneously disproportionates to a stronger oxidant, hydrogen peroxide (H202). In fact, the neutrophil phagosomal concentration of H202 has been estimated to be as high as 100 mM (11) . H202 can freely diffuse across bacterial membranes and can lead to mutagenic events caused by single-strand nicks in DNA (13) , as well as oxidation of critical respiratory chain components (17) . Therefore, the oxygen-dependent killing of gonococci by phagocytic cells would be expected to be dependent, in part, on the ability of the organism to respond to increased levels of exogenous H202 (18) . Two (14) grew the bacteria in a liquid layer of Trypticase soy broth over a solid medium of GC agar. In both methods, the concentration of bacteria was adjusted to approximately 1 x 107 to 5 x 107 CFU/ml prior to exposure to H,O,.
As shown in Fig. 1 , the method employed to grow the bacteria had a significant effect on the H202 sensitivities of the two gonococcal strains. Strain FAI090 was more sensitive to H,O0 than 28Bl with either method. However, both strains FA1090 and 28BI were more sensitive after aerobic growth in GC broth. A likely explanation for this difference is in the metabolic activity of the bacterium at the time of H202 challenge. Imlay and Linn (12) have shown that metabolically inactive (starved) Escherichia coli organisms are more resistant to H202 than are equivalent numbers of mid-logarithmicphase organisms. A similar decrease in H,20 sensitivity has been observed with stationary-phase Pseudomonas syringae (15) . It has been suggested that stationary-phase bacteria possess fewer of the cellular equivalents required to reduce H2O, to HO -, a reaction which leads to DNA strand breakage (13) .
Experiments were conducted in order to determine the peroxide sensitivities of clinical isolates of N. gonorrhoeae. As shown in Table 1 , there was little difference in the H202 sensitivity of gonococcal strains at low concentrations of H202 (2.5 and 5.0 mM), with the exception of FA1090. It should be noted that strain FA1090 was isolated from a patient with disseminated gonococcal infection, whereas the other strains tested were urethral isolates.
We observed significant variation in the sensitivity of gonococcal strains after challenge with 20 mM H,O, (Table 1) . These differences were surprising since all test strains possessed similar catalase specific activities (Table 1) . Johnson et al. (14) demonstrated that catalase-negative gonococci are significantly more sensitive to H,O, than isogenic catalasepositive organisms. Likewise, we (18) have previously shown that catalase-negative gonococci demonstrate remarkably greater sensitivity to exogenous H2O, and stimulated human neutrophils than catalase-positive strains. However, the present results make it clear that catalase is only one of several factors determining gonococcal sensitivity to H202.
We have previously shown that the iron concentration of N. gonorrhoeae affects susceptibility to redox stress (6) . The intracellular iron concentrations of several strains of N. gonorrhoeae were measured to see if there was a correlation with H202 sensitivity. Bacteria were grown to mid-logarithmic phase in 50 ml of GC broth with agitation, and the concentration of bacteria was determined. Cells were harvested by centrifugation, and the resulting cell pellet was washed once with Hanks' balanced salt solution, solubilized in 10 ml of a 10% sodium dodecyl sulfate solution (pH 1.0), and boiled for 10 min in an acid-washed flask. The total iron concentration in each sample was determined by standard neutron activation analysis (14 h of irradiation at 1.5 x 10i3 n/cm2-s; Nuclear Energy Services, Nuclear Engineering Department at N.C. State University). As shown in Table 1 , there is no correlation between H,O0 sensitivity and intracellular iron concentration.
The intracellular localization of catalase could affect the sensitivity to H,O9, as previously observed with E. coli (12) .
However, we have shown catalase to be limited to the cytoplasm in N. gonorrhoeae (18) . Other factors which could affect the sensitivity of N. gonorrhoeae to exogenous H202 include intracellular glutathione (calculated to be 17 mM in gonococci [1] ) and the concentration of endogenous reactive oxvgen species and reducing equivalents. In conclusion, this study demonstrates that the sensitivity of gonococci to H202 is highly dependent upon the experimental conditions. In particular, differences in the growth of the gonococci prior to challenge with H,O0 can markedly affect its survival.
